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Description

BACKGROUND

[0001] Thin film transistors are of great interest in the
semiconductor industry as they represent a more univer-
sally applicable technology than traditional transistor de-
vices. In some cases, thin film transistors also provide
new properties that designers may leverage for great ad-
vantage. One interesting property is transparency.
[0002] PATENT ABSTRACT FROM JAPAN vol. 2000,
no. 11 & JP 2000 228516 disclose a laminated thin film
that has a structure in which an inorganic material layer
contains oxide containing monovalent Cu.
[0003] OTABE TAKUYA ET AL: "n-type electrical con-
duction in transparent thin films of delafossite-type
Agln02" disclose thin films of AgInO2 prepared to find
transparent and n-type conducting oxide with a delafos-
site structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004]

FIGs. 1 is a schematic cross-section of an exemplary
bottom gate p-type transparent channel thin film tran-
sistor;
FIG. 2 is a schematic cross-section of an exemplary
top gate p-type transparent channel thin film transis-
tor;
FIG. 3 is a schematic cross-section of an exemplary
bottom gate p-type transparent channel thin film tran-
sistor;
FIG. 4 is a schematic cross-section of an exemplary
top gate p-type transparent channel thin film transis-
tor;
FIGs. 5 and 6 are schematic cross-sections of ex-
emplary dual gate p-type transparent channel thin
film transistors;
FIG. 7 is a schematic cross-section of a portion of
an exemplary embodiment CMOS circuit including
a p-type transparent thin film transistor; and
FIG. 8 is a schematic cross-section of an exemplary
CMOS circuit with an embodiment of an integrated
device.

[0005] Exemplary embodiments will now be discussed
with respect to the figures. All device layers in the follow-
ing description are thin film layers. FIG. 1 shows an ex-
emplary bottom gate thin-film transistor 8 useful in ex-
plaining the present invention. A p-type transparent chan-
nel 10 is controlled by co-planar source and drain con-
tacts 12, 14 and a gate contact 16, which is isolated from
the transparent channel 10 by gate dielectric 18. A sub-
strate 20 upon which the transistor 8 is formed should
have good dielectric properties and be compatible with
the thin film materials used to form the transistor 8. Suit-
able exemplary substrates include glass and plastic. Par-

ticular examples include polycarbonate, polyarylate, pol-
yethylenterephtalate (PET), polyestersulfone (PES),
polyimide, polyolefin, and polyethylene naphtthalate
(PEN).
[0006] Examples of the transistor 8 include partially
transparent devices, e.g., where the p-type transparent
channel 10 is the only transparent thin film, as well as
completely transparent devices, i.e., where all of the thin
films are formed from transparent materials. Additional
embodiments include the use of a transparent substrate.
The p-type transparent channel 10 is a delafossite film
that is undoped or lightly doped. In lightly doped layers,
the delafossite has a doping level low enough to maintain
its transparency and semiconductor performance. As an
example, lightly doped embodiments of the invention in-
clude doping levels that result in a carrier (hole) concen-
tration of less than ∼1017 cm-3. The apparent optical band
gap of undoped delafossites is in the near-UV range,
while heavily doped (and conductive) films may be nearly
opaque. Delafossites are the materials having the crystal
structure of CuFeO2. Example delafossites include
CuScO2, CuAlO2, CuYO2, CuFeO2, CuCrO2, CuGaO2,
CuInO2, AgCoO2, AgGaO2, AgInO2, AgScO2, and
AgCrO2. Any dopant suitable to provide hole carriers may
be used. For example, CuYO2 and CuInO2 can be doped
p-type using Ca. As another example CuCrO2 can be
doped p-type using Mg. Also, processing that results in
a slight surplus of oxygen is often used to obtain p-type
conductivity in these materials, and if controlled properly,
may produce light doping levels for use as a p-type sem-
iconductor channel in a transistor. Lightly doped p-type
channels will yield an enhancement-mode or weakly de-
pletion-mode transistor device. A negative gate voltage
will draw holes from the source and drain contacts 12,
14 to the p-type channel 10 in a region near its interface
with the gate dielectric 18. Lightly doped delafossite films
additionally have the advantage of providing a reasona-
bly-4 small positive gate voltage to deplete holes from
the channel, thereby producing a relatively low gate volt-
age turn-off condition.
[0007] Any number of materials may be employed for
the gate dielectric 18, gate contact 16, source 12 and
drain 14. The gate dielectric 18 for example may be a
film of SiO2, Si3N4, Al2O3, Ta2O5, HfO2, ZrO2, or the like.
The gate contact 16 and source/drain layers may, for
example, be formed from a transparent conductor (i.e.,
a p-type doped wide-band gap semiconductor) such as
p-type doped GaN, BaCu2S2, NiO, Cu2O, or various de-
lafossites (CuScO2, CuAlO2, CuYO2, CuFeO2, CuCrO2,
CuGaO2, CuInO2, AgCoO2, AgGaO2, AgInO2, AgScO2,
AgCrO2), or the like. Gate contact and source/drain lay-
ers may also comprise metals such as Au, Pt, Pd, Ni, Cu,
W, Mo, Cr, Ag, In, Sn, Ga, Zn, Al, Ti, or the like.
[0008] It is beneficial to choose a source and drain con-
tact material to produce efficient hole injection from the
source into the p-type delafossite channel 10 at the
source/channel interface. Materials may be selected for
a desired level of electrical performance. Overall device
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performance is likely to vary significantly for devices built
using various source/drain contact materials. If the
source, drain and gate contact films are formed of trans-
parent materials, appropriate gate materials will likely al-
so be transparent, thereby producing a complete device
that is substantially transparent.
[0009] The delafossite channel 10 and transistor 8
have the capability to provide hole injection in the lightly
doped channel, thereby creating a p-type device. Other
transparent semiconductors typically have a high ioniza-
tion potential (separation between valence band edge
and vacuum level), e.g. in the range of 6-8 eV. Hole in-
jection into the transparent channel is achieved when the
source and drain contacts are formed of a material (metal
or doped semiconductor) having a work function that is
nearly equal to or greater than the ionization potential of
the channel material. However, even high work function
metals, e.g., Au, Pd and Pt, have work functions smaller
than 6eV. The lower ionization potential of the lightly
doped delafossite materials provides the ability to meet
the conditions for hole injection.
[0010] Other exemplary transistors useful in explaining
the present invention are shown in FIGs. 2-6. The refer-
ence numerals from FIG. 1 are adopted to label similar
elements in FIGs. 2-6. FIG. 2 shows an exemplary top
gate p-type transparent channel thin film transistor 22
with co-planar source and drain contacts 12 and 14. FIG.
3 shows an exemplary bottom gate p-type transparent
channel thin film transistor 24 with staggered contacts.
FIG. 4 shows an exemplary top gate p-type transparent
channel thin film transistor 26 with staggered contacts.
FIG. 5 illustrates an exemplary dual gate p-type trans-
parent channel thin film transistor 28. FIG. 6 illustrates
another exemplary dual gate p-type transparent channel
thin film transistor 30.
[0011] FIG. 7 shows a portion of an exemplary embod-
iment CMOS circuit 32 including a p-type transparent thin
film transistor 34 and an n-type transparent thin film tran-
sistor 36. The p-type transparent thin film transistor 34
includes a lightly doped transparent thin film channel 10.
The n-type transparent thin film transistor 36 includes an
n-type transparent thin film channel 38, for example ZnO.
Alternative embodiments include CMOS integrations that
include non-transparent thin film transistors, both n-type
and p*type. Source 12, drain 14 and gate 16 contacts
form part of a circuit interconnect pattern in the CMOS
circuit 32. While two transistors are shown, the circuit 32
may include many transistors. The circuit may be ar-
ranged, for example, as an integrated circuit where tran-
sistors 34 and 36, and other transistors in the integrated
circuit act as switches. In other embodiments, the circuit
arrangement and applied voltages may provide amplifi-
cation, for example. The circuit arrangement and applied
voltages may also provide operation as a load device,
for example to provide a resistance in a CMOS circuit.
In operation, the lightly doped delafossite channel 10 us-
es a negative voltage to draw holes from the source 12
and drain 14 into the channel near the gate insulator. A

range of negative voltages for a CMOS integrated circuit
arranged in a CMOS switch configuration produces a
conducting operation in the switch. As mentioned above,
reasonable positive gate voltages will deplete the chan-
nel of free holes to turn off the transistor.
[0012] A variety of techniques are available for the for-
mation of p-type transparent channel thin-film transistors,
and circuits that include these transistors. Thin-film dep-
osition techniques such as evaporation (thermal, e-
beam), sputtering (DC, RF, ion beam), chemical vapor
deposition (CVD), atomic layer deposition (ALD), molec-
ular beam epitaxy (MBE), and the like may be employed.
Alternate methods may also be employed, such as so-
lution-based deposition from a liquid precursor (spin-
coating, inkjet printing, etc). Film patterning may employ
traditional photolithography combined with etching or lift-
off processes, or may use alternate techniques such as
shadow masking or direct-write patterning (i.e., inkjet
printing).
[0013] With reference to the transistor 8 of FIG. 1, an
initial deposition on the substrate 20 is an inkjet printing
of a solution-based conductor to form the gate contact
16. The gate contact 16 may be part of a circuit intercon-
nect pattern, for example patterned by a direct write proc-
ess. In an alternate embodiment, a spin coating is used
to deposit gate contact material, which is then patterned
by a photolithography and etching procedure, or perhaps
a more sophisticated process such as laser ablation. A
spin coating process, for example, then deposits gate
dielectric material 18. Additional direct write steps form
the channel 10, and the gate and source contacts.
[0014] FIG. 8 shows an exemplary embodiment includ-
ing a CMOS circuit 32 in accordance with FIG. 7 com-
bined with an integrated device 40. In a preferred em-
bodiment, the entire CMOS thin film circuit 32 is formed
to be transparent, i.e., p-type thin film transistors 34 and
n-type thin film transistors 36 are formed as transparent
devices. The substrate 20 is also transparent, e.g., a
transparent plastic. The integrated device 40 may be, for
example, an emissive display or include receptors for
sensing or encoding or some other function. The inte-
grated device 40 may be in the form of a thick film inte-
gration, e.g., silicon wafer based integration or a group
III-V based integration, bonded or otherwise attached to
the substrate 20. It might also be an additional thin film
integration formed on the backside of the substrate 20.
Because the CMOS circuit is transparent, one optical
path that may be defined to the integrated device 40 is
through the CMOS circuit 32. This provides designers
with an added level of flexibility, as electronics embodied
in the CMOS thin film circuit 32 may be placed irrespec-
tive of optical paths necessary for device operation. In
other embodiments of a display or sensor, the CMOS
thin film circuit 32 is outside of the optical paths in an
integrated device. A fully transparent CMOS thin film cir-
cuit 32 or a CMOS circuit 32 with transparent channels
is less likely to be affected by light in a display or sensor
device.
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[0015] While specific embodiments of the present in-
vention have been shown and described, it should be
understood that other modifications, substitutions and al-
ternatives will be apparent to one of ordinary skill in the
art. Such modifications, substitutions and alternatives
can be made without departing from the scope of the
claims.

Claims

1. A transistor device comprising a CMOS circuit (32),
including:

a p-type channel (10) doped substantially trans-
parent delafossite material, wherein the material
is doped to give a carrier concentration of less
than about 1017 cm-3, the material of the channel
having an ionization potential;
a first source contact (12) interfaced to said p-
type channel (10);
a first drain contact (14) interfaced to said p-type
channel (10);
a n-type channel (38);
a second source contact (12) interfaced to said
n-type channel (38);
a second drain contact (14) interfaced to said n-
type channel (38); and
a gate dielectric (18) between a first and a sec-
ond gate contacts (16), the p-type channel (10),
and the n-type channel (10), wherein:

the first gate contact (16) is formed upon a
substrate (20), said gate dielectric (18) is
formed upon said gate contacts (16), and
said channel (10) is formed upon said gate
dielectric (18);
the gate, source and drain contacts (16, 12,
14) are patterned to form a circuit intercon-
nect pattern; and
the source-to-channel and drain-to-channel
contacts having a work function that is near-
ly equal to or greater than the ionization po-
tential of the channel material, wherein the
first contacts (12,14,16) form the p-type thin
film transistor (34); and

wherein the second contacts form a n-type
transparent channel transistor (36) connected
through the circuit pattern to form the CMOS cir-
cuit (32).

2. A device according to claim 1, wherein the delafos-
site material is selected from the group of CuScO2,
CuAlO2, CuYO2, CuFeO2, CuCrO2, CuGaO2,
CuInO2, AgCoO2, AgGaO2, AgInO2, AgScO2, and
AgCrO2.

3. A device according to claim 2, wherein said source,
drain and gate contacts (12, 14, 16) comprise a
doped semiconductor selected from the group con-
sisting of GaN, BaCu2S2, NiO, Cu2O, CuScO2,
CuAlO2, CuYO2, CuFeO2, CuCrO2, CuGaO2,
CuInO2; AgCoO2, AgGaO2, AgInO2, AgScO2,
AgCrO2.

4. A device according to any preceding claim, wherein
each of said source, drain and gate contacts (12, 14,
16), and said gate dielectric (18) is formed from a
transparent material such that the device (8) com-
prises a transparent device.

Patentansprüche

1. Transistorvorrichtung, die eine CMOS-Schaltung
(32) umfasst, die Folgendes beinhaltet:

ein im Wesentlichen transparentes dotiertes
Delafossitmaterial eines Kanals vom p-Typ (10),
wobei das Material dotiert ist, um eine Ladungs-
konzentration von weniger als etwa 1017 cm-3

zu ergeben, wobei das Material des Kanals ein
lonisationspotenzial aufweist;
einen ersten Source-Kontakt (12), der an dem
Kanal (10) vom p-Typ angekoppelt ist;
einen ersten Drain-Kontakt (14), der an dem Ka-
nal (10) vom p-Typ angekoppelt ist;
einen Kanal vom n-Typ (38);
einen zweiten Source-Kontakt (12), der an dem
Kanal (38) vom n-Typ angekoppelt ist;
einen zweiten Drain-Kontakt (14), der an dem
Kanal (38) vom n-Typ angekoppelt ist; und
ein Gate-Dielektrikum (18) zwischen einem ers-
ten und einem zweiten Gate-Kontakt (16), dem
Kanal vom p-Typ (10) und dem Kanal vom n-
Typ (10), wobei:

der erste Gate-Kontakt (16) auf einem Sub-
strat (20) ausgebildet ist, das Gate-Dielek-
trikum (18) auf den Gate-Kontakten (16)
ausgebildet ist und der Kanal (10) auf dem
Gate-Dielektrikum (18) ausgebildet ist;
die Gate-, Source- und Drain-Kontakte (16,
12, 14) strukturiert sind, um eine Schal-
tungsverbindungsstruktur auszubilden;
und
wobei die Source-zu-Kanal- und Drain-zu-
Kanal-Kontakte eine Austrittsarbeit aufwei-
sen, die nahezu gleich oder größer als das
lonisationspotenzial des Kanalmaterials ist,
wobei die ersten Kontakte (12, 14, 16) den
Dünnfilmtransistor (34) vom p-Typ ausbil-
den; und

wobei die zweiten Kontakte einen transparenten
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Kanaltransistor (36) vom n-Typ ausbilden, der
durch die Schaltungsstruktur verbunden ist, um
die CMOS-Schaltung (32) auszubilden.

2. Vorrichtung nach Anspruch 1, wobei das Delafossit-
material aus der Gruppe von CuScO2, CuAlO2,
CuYO2, CuFeO2, CuCrO2, CuGaO2, CuInO2,
AgCoO2, AgGaO2, AgInO2, AgScO2 und AgCrO2
ausgewählt ist.

3. Vorrichtung nach Anspruch 2, wobei die Source-,
Drain- und Gate-Kontakte (12, 14, 16) einen dotier-
ten Halbleiter umfassen, der aus der Gruppe ausge-
wählt ist, die aus den Folgenden besteht: GaN,
BaCu2S2, NiO, Cu2O, CuScO2, CuAlO2, CuYO2,
CuFeO2, CuCrO2, CuGaO2, CuInO2; AgCoO2,
AgGaO2, AgInO2, AgScO2, AgCrO2.

4. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei jeder der Source-, Drain-und Gate-
Kontakte (12, 14, 16) und das Gate-Dielektrikum (18)
derart aus einem transparenten Material ausgebildet
sind, dass die Vorrichtung (8) eine transparente Vor-
richtung umfasst.

Revendications

1. Dispositif de transistor comprenant un circuit CMOS
(32), comportant :

un matériau de délafossite sensiblement trans-
parent dopé de canal de type p (10), dans lequel
le matériau est dopé pour donner une concen-
tration de porteurs inférieure à environ 1017

cm-3, le matériau du canal ayant un potentiel
d’ionisation ;
un premier contact de source (12) interfacé avec
ledit canal de type p (10) ;
un premier contact de drain (14) interfacé avec
ledit canal de type p (10) ;
un canal de type n (38) ;
un second contact de source (12) interfacé avec
ledit canal de type n (38) ;
un second contact de drain (14) interfacé avec
ledit canal de type n (38) ; et
un diélectrique de grille (18) entre un premier et
un second contacts de grille (16), le canal de
type p (10) et le canal de type n (10), dans
lequel :

le premier contact de grille (16) est formé
sur un substrat (20), ledit diélectrique de
grille (18) est formé sur lesdits contacts de
grille (16) et ledit canal (10) est formé sur
ledit diélectrique de grille (18) ;
les contacts de grille, de source et de drain
(16, 12, 14) sont agencés pour former un

motif d’interconnexion de circuit ; et
les contacts de source à canal et de drain
à canal ayant une fonction de travail pres-
que égale ou supérieure au potentiel d’io-
nisation du matériau de canal, dans lequel
les premiers contacts (12, 14, 16) forment
le transistor à couche mince de type p (34) ;
et dans lequel les seconds contacts forment
un transistor à canal transparent de type n
(36) connecté à travers le motif de circuit
pour former le circuit CMOS (32).

2. Dispositif selon la revendication 1, dans lequel le ma-
tériau de délafossite est choisi dans le groupe de
CuScO2, CuAlO2, CuYO2, CuFeO2, CuCrO2,
CuGaO2, CuInO2, AgCoO2, AgGaO2, AgInO2,
AgScO2 et AgCrO2.

3. Dispositif selon la revendication 2, dans lequel les-
dits contacts de source, de drain et de grille (12, 14,
16) comprennent un semi-conducteur dopé choisi
dans le groupe constitué par GaN, BaCu2S2, NiO,
Cu2O, CuScO2, CuAlO2, CuYO2, CuFeO2, CuCrO2,
CuGaO2, CulnO2 ; AgCoO2, AgGaO2, AgInO2,
AgScO2, AgCrO2.

4. Dispositif selon l’une quelconque des revendications
précédentes, dans lequel chacun desdits contacts
de source, de drain et de grille (12, 14, 16) et ledit
diélectrique de grille (18) est formé d’un matériau
transparent de sorte que le dispositif (8) comprend
un dispositif transparent.
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